Advanced composite structures are commonly tested under controlled loading. Understanding the initiation and progression of composite damage under load is critical for validating design concepts and structural analysis tools. Thermal nondestructive evaluation (NDE) is used to detect and characterize damage in composite structures during fatigue loading. A difference image processing algorithm is demonstrated to enhance damage detection and characterization by removing thermal variations not associated with defects. In addition, a one-dimensional multilayered thermal model is used to characterize damage. Lastly, the thermography results are compared to other inspections such as non-immersion ultrasonic inspections and computed tomography X-ray.
INTRODUCTION
In situ wide area inspection methods are required to determine damage initiation and growth in advanced composite structures during controlled load testing. The load testing is required for validation of test articles and structural analysis tools [1, 2] . The significant damage modes for composite structures are delamination and matrix cracking. For a given composite design, understanding how damage initiates and grows improves confidence in predicting fatigue life. In this work, nondestructive evaluation (NDE) is used to detect the onset and growth of damage during controlled fatigue loading. The inspection is performed while the structure is on the load frame, and therefore does not require removal from a test fixture. This is more time efficient and removes potential errors due to handling induced damage if removed for inspection. Thermal NDE has been shown to be an effective technique for detecting damage in composites during load testing because the inspection is non-instrusive [3] . Thermography inspections performed on a composite cylinder and a hat stiffened composite panel are presented.
Two noncontact thermography techniques, passive and active, are used to detect the initiation and progression of damage in a composite cylinder during cyclic loading. The types of damage detected are matrix cracking and delaminations. The active flash thermography technique utilizes a flash tube enclosed within the cylinder and allows for the measurement of through-the-thickness diffusivity [4] . A small torsion load is applied (both clockwise and counterclockwise) during the flash thermography inspection and a difference thermography processing technique is applied to remove thermal variations associated with normal material variations [5] [6] [7] . It has been found that the combining the application of a static torsion load during the flash inspection with difference processing improves defect contrast and helps to size the defects [6] .
In addition, a passive thermography technique is used on both the composite cylinder and hat stiffened composite panel. This method detects and tracks damage progression in real time as dynamic loading is applied. The loading will cause damaged areas to rub or clap together, thus providing frictional heating that is detected with an infrared camera [3] . The passive technique can provide a real-time indication of damage formation and growth. This information is used to determine when to stop the loading in order to perform a non-immersion ultrasound inspection [8] . The thermography results are pe test article w to the X-ray r
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